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Abstract 
Miniature roses (Rosa sp.) were grown at 100 and 150 µmol m−2∙s−1 photon flux densities (PFD) 
with 16, 20 and 24 h∙day−1 lighting periods (LP) in a greenhouse compartment in midwinter at 
latitude 59˚ north. The study included 10 different treatments and six rose cultivars, altogether 
900 plants. The 16 and 20 h LP were applied with or without a dark period of 8 and 4 h∙day−1, re-
spectively, by timing the LP in relation to daylight that lasted for 7 - 8 h. Number of days until 
flowering decreased with an increase in PFD and in LP up to 24 day−1 and was unaffected by the 
timing of the 16 and 20 h∙day−1 LP. Number of flowers and plant dry weight increased 20% to 30% 
by increasing the PFD. Plant dry weight increased by increasing the LP from 16 to 20 h∙day−1 
(about 25%), but no effect was found with a further increase to 24 h∙day−1. Mean growth rate until 
flowering increased 30% to 40% by increasing the PFD or by increasing the LP from 16 to 20 h 
day−1, while little effect was found by a further increase to 24 h∙day−1. Increasing the photosyn-
thetic active radiation (PAR) by increasing the LP from 16 to 20 h∙day−1 increased the growth rate 
more than increasing the PFD did. Three of the cultivars were tested for water loss after the de-
tachment of some leaves. Leaves that had developed without a dark period showed a considerably 
higher water loss than the treatments that included a dark period of 4 or 8 h∙day−1. The keeping 
quality at indoor conditions, however, was unaffected by the treatment due to sufficient watering. 
Powdery mildew developed significantly more on plants grown with a dark period of 8 h as com-
pared with the other treatments. It was concluded that 20 h∙day−1 LP including a dark period of 4 
h∙day−1 and a PFD of at least 150 µmol∙m−2∙s−1 should be applied to miniature roses during the 
winter months in order to effectively produce miniature pot roses with a high quality. 
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1. Introduction 
The photosynthetic active radiation (PAR) at high latitudes (about 60˚N) in mid-winter is too low (about 1 mol 
m−2∙day−1) for an efficient plant production in greenhouses, and therefore supplementary lighting is established 
as a standard method for plant growth during the winter months. Many practical studies of the light requirements 
of pot plants have been carried out. However, these studies are seldom published properly and are therefore for-
gotten. Important questions have been what light level and how many hours per day the supplementary lighting 
should be applied. Previously, we have reported some studies within this subject [1]-[4]. The effect of lighting 
period (LP) on plant growth has been found to vary between pot plant species [2] [3]. It is well known that the 
lighting conditions strongly affect the water relations and keeping quality of cut roses [5] [6]. Typically, conti-
nuous lighting has been found to cause loss of the stomata function, resulting in excessive transpiration and de-
creased vase life at indoor conditions in some cut rose cultivars [6]. Another effect of LP on cut roses was the 
development of powdery mildew that more or less disappeared when LP reached 24 h∙day−1 [7]. On basis of the 
results from cut roses and a general need for knowledge about light level and lighting period for miniature pot 
roses among the growers, a relatively comprehensive study was performed. In the present work the effect of two 
photon flux densities (PFD) and three lighting periods (LP) on flowering, growth, development of powdery 
mildew, water relations and keeping quality at indoor conditions were studied. It was also of interest to compare 
the effect of 16 and 20 h∙day−1 LP given at daytime with 8 and 4 h dark periods, respectively, with applying 
these treatments throughout the whole natural dark period (7 - 8 h day length at this time of the year) causing 
almost continuous lighting of the plants. Six cultivars were included in the study in order to increase the proba-
bility that the results would be representative for miniature roses in general. In order to get a better understand-
ing of the light conditions produced by artificial lighting as compared with daylight, information about the natu-
ral light throughout the year at different latitudes in Europe is included. 
2. Materials and Methods 
The miniature rose (Rosa sp.) cultivars Roxy Kordana, Amber, Vanilla, Honney, Optima Red and Absolute Hit 
were used in the experiment. The plants were grown in standard fertilised peat (Floralux) in 10 cm pots and 
were watered daily with a complete nutrient solution. Each pot included five rooted cuttings and the experiment 
started after the second pinching. The experiment was carried out in a greenhouse compartment at Bioforsk 
Særheim, Norway (latitude 59˚ north). Two levels of PFD (100 and 150 µmol∙m−2∙s−1) and 16 h (from 07:30 to 
23:30), 20 h (from 07:30 to 03:30) and 24 h∙day−1 LP were established. The 16 and 20 h∙day−1 LP were also 
given without a dark period by providing lighting throughout the natural dark period (16:00 to 08:00). Altogeth-
er the study included 10 treatments. High pressure sodium lamps (Philips SON-T) were used. The light was 
measured by a Lambda LI-185B instrument with a quantum sensor (400 to 700 nm). Black curtains were used to 
avoid light pollution between the different treatments. The experiment was conducted in the period from the 
middle of December until the beginning of February. The daylight inside the greenhouse was as a daily mean 
1.2 ± 0.7 mol∙m−2∙day−1 during the experiment. The light was measured by the Meteorological Station at Bio-
forsk Særheim, and the light level was decreased 50% due to reduction by the greenhouse construction. The air 
temperature was kept at 20.5˚C ± 0.5˚C, the relative air humidity at 75% ± 5% and the CO2 concentration at 700 
± 100 µmol∙mol−1. The roses were sprayed with Bonzi (one time with 0.5% and four times with 1.5%) as a 
commercial practise to produce compact plants. Fifteen pots per cultivar were used in each of the 10 different 
treatments, totalling 900 pots. At the time of flowering (five open flowers) the number of flowers and flower 
buds, plant height, plant fresh and dry weight and the development of powdery mildew were recorded on eight 
plants per treatment and cultivar. The mildew attack was determined visually on a scale from 0 (no visible mil-
dew) to10 (completely covered by mildew). Seven plants per treatment and cultivar were placed under simulated 
indoor conditions at 50% RH and 7 µmol∙m−2∙s−1 PFD and tested for the keeping life (time until no decorative 
value = wilted flowers). Two groups of five leaves from the upper part of the plants were picked from each 
treatment and cultivar. The leaves were placed at indoor conditions as already described. The weight imme-
diately after the detachment and after 4.5 h was measured on each group of leaves. Then the dry weight was de-
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termined on all groups of leaves. The percentage water loss from the leaves during the 4.5 h was calculated.  
The data were analysed using the SAS-GLM procedure (SAS Institute Inc., Cary, USA). Cultivars or leaf 
group (measurement of water loss) were used as replicates in the analysis. In order to separate the different 
growth responses between cultivars Duncan’s multiple range test was used at p = 0.05. 
3. Results  
Time until flowering varied from 48 to 59 days in the different cultivars (Table 1). The different growth para-
meters as well as the keeping quality and amount of powdery mildew also varied between the cultivars. Amber 
and Absolute Hit were the most mildew-sensitive cultivars. Although the magnitude of the effects of PFD, LP 
and the timing of the lighting period (DL) on growth, flowering and keeping quality varied to some extent be-
tween the cultivars (illustrated by the standard errors) in principle the effects were the same in all cultivars. 
Therefore, the mean effects on the six cultivars are presented. Increasing the LP from 16 to 24 h∙day−1 decreased 
time until flowering from 58 to 53 days at 100 µmol∙m−2∙s−1 PFD and from 54 to 45 days at 150 µmol∙m−2∙s−1 
PFD (Table 2). Total number of flowers (buds included) increased 20% to 30% by increasing the PFD from 100 
to 150 µmol∙m−2∙s−1 PFD. Increasing the LP from 16 to 20 h∙day−1 increased the total number of flowers by 40 to 
50% , while a further increase in LP had only a small effect (Table 2). Plant dry weight increased about 25% 
when LP increased from 16 to 20 h∙day−1, while a further increase in LP had less effect. Increasing the PFD 
from 100 to 150 µmol∙m−2∙s−1 (50% increase in PAR) caused a 30% to 40% increase in the mean growth rate 
until flowering. Increasing the DL from 16 to 20 h∙day−1 (25% increase in PAR) caused an increase in the rate of 
30 to 40%, while a further increase to 24 h∙day−1 only slightly (<10%) increased the rate (Table 2)). The plant 
height varied between 21 and 26 cm as a result of a stimulation by increased PFD and LP. The percentage dry 
weight (of fresh weight) varied between 20% and 22% without any systematic differences between the treatments 
(results not presented). The keeping quality was not significantly affected by the different treatments and varied 
between 17 and 19 days (Table 2). The powdery mildew attack was the highest at 16 h∙day−1 LP with a dark pe-
riod of eight hours, and it noticeably decreased when continuous light was given by 24 h LP or timing the 16 h 
and 20 h LP in relation to daylight to give continuous light (Table 2). The water loss from detached leaves of 
three of the cultivars was significantly affected by the lighting period (Table 3). A LP of 24 h∙day−1 increased water 
loss considerably when compared with 16 and 20 h∙day−1 LP with dark periods. If the 16 h∙day−1 LP was given 
during the night time, causing a 24 h photoperiod in combination with daylight, this increased water loss. 
4. Discussion 
Increasing the PAR by 25% by increasing the LP from 16 to 20 h∙day−1 increased the dry weight by about 40%, 
corresponding to a 1.6% increase in dry weight per 1% increase in PAR. This is a considerable increase when 
compared with the 0.5% to 1.0% increase in dry weight per 1% increase in PAR evidenced in a literature survey 
and by interviews with growers done by Marcelis et al. [8]. However, increasing the PAR by increasing PFD 
gave an effect in this range (0.8% dry weight increase per 1% light increase). This underlines the importance of 
distributing a particular light dose over a 20 h∙day−1 LP if possible. Some pot plants are known to benefit from 
continuous light; for other species a photoperiod of 20 h gives the maximal effect [2]. Supplementary light to  
 
Table 1. Growth and quality of six different rose cultivars given as means of 10 different treatments. Values followed by 
different letters are significantly different according to Duncan’s multiple range test at p = 0.05.                         
Cultivar Days until  flowering 
Total no. of 
flowers 
Plant height 
(cm) Dry weight (g) % dry weight 
Keeping quality 
(days) 
Mildew infection 
(relative values) 
Roxy 58.7a 16d 25.7a 16.0b 22.2a 12.5d 1.0b 
Amber 52.7b 16d 22.9bc 14.8b 21.1b 16.0c 2.4a 
Vanilla 51.8bc 14d 21.1d 13.4b 19.4d 23.9a 0.3b 
Honey 57.8a 22c 23.9b 19.7a 20.9bc 19.0b 0.4b 
Optima Red 49.4bc 38a 21.3cd 13.5b 20.0cd 19.7b 0.5b 
Absolute Hit 48.1c 30b 24.1ab 14.5b 20.3bcd 14.1d 2.0a 
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Table 2. Significance level of the effect of photon flux density (PFD) and lighting period (LP) on growth, flowering, keeping 
quality and powdery mildew growth as a mean of six miniature rose cultivars. The 16 h and 20 LP were given with (D) and 
without dark periods (L) by timing the lighting in relation to the natural daylight period (DP). Means (±SE, n = 6) of six rose 
cultivars are given. Significance levels: ns, not significant (p > 0.05); *, p < 0.05; **, p < 0.01; and ***, p < 0.001.             
LP 
(h∙day−1)) 
PFD 
(µmol∙m−2∙s−1) 
Days until 
flowering 
Total no. of 
flowers 
Plant height 
(cm) 
Dry weight 
(g) 
Growth rate 
(mg∙day−1) 
Keeping  
quality (days) 
Mildew  
(0 - 10) 
16 D 100 57.8 ± 1.8 16 ± 3 23.0 ± 0.8 12.3 ± 0.7 212 ± 5 17.1 ± 1.8 2.6 ± 0.6 
16 D 150 54.0 ± 1.8 20 ± 3 23.4 ± 1.0 15.0 ± 1.0 277 ± 11 16.9 ± 1.7 2.3 ± 0.6 
20 D 100 55.6 ± 2.3 22 ± 5 23.1 ± 1.3 15.2 ± 1.3 273 ± 15 17.1 ± 1.8 1.5 ± 0.7 
20 D 150 48.7 ± 1.9 30 ± 5 24.1 ± 0.8 19.0 ± 1.7 389 ± 22 18.3 ± 1.7 0.5 ± 0.3 
24 L 100 52.6 ± 1.7 25 ± 5 23.3 ± 1.0 15.2 ± 1.3 289 ± 23 16.6 ± 1.6 0.8 ± 0.3 
24 L 150 45.0 ± 1.4 30 ± 5 25.8 ± 0.8 18.9 ± 1.8 418 ± 28 17.3 ± 2.0 0.3 ± 0.2 
16 L 100 58.2 ± 1.9 17 ± 2 20.8 ± 0.7 11.8 ± 0.6 203 ± 7 17.0 ± 1.5 0.5 ± 0.2 
16 L 150 56.6 ± 2.4 19 ± 3 21.8 ± 1.0 14.4 ± 0.7 254 ± 8 18.6 ± 2.0 0.4 ± 0.2 
20 L 100 53.9 ± 1.7 22 ± 4 22.6 ± 1.0 13.9 ± 0.8 258 ± 14 16.8 ± 1.7 1.1 ± 0.5 
20 L 150 48.6 ± 2.1 28 ± 6 24.0 ± 0.7 17.6 ± 1.1 363 ± 20 19.5 ± 2.2 0.8 ± 0.5 
Significance levels 
PFD  *** * * *** *** ns ns 
LP  *** * * *** *** ns * 
PFD x LP  ns ns ns ns * ns ns 
DP  ns ns ns ns ns ns ** 
DP x LP  ns ns ns ns ns ns ** 
 
Table 3. Water loss (%) after 4.5 h of detached leaves from three rose cultivars grown at different lighting periods (LP) and 
photon flux densities (PFD). The 16 h LP was given with (D) and without (L) dark periods (DP). Means (±SE, n = 2) on cul-
tivar basis, n = 6 for means of three cultivars).                                                                  
LP (h∙day−1)) PFD (µmol∙m−2∙s−1) Absolute Hit Roxy Vanilla Means of three cv. 
16 D 100 41.0 ± 3.0 39.0 ± 2.0 35.5 ± 1.5 38.5 ± 1.5 
16 D 150 46.0 ± 2.0 35.0 ± 0.0 31.5 ± 2.5 37.5 ± 3.0 
20 D 100 46.0 ± 1.0 33.5 ± 0.5 35.0 ± 1.0 38.2 ± 2.6 
20 D 150 39.5 ± 0.5 29.5 ± 0.5 28.0 ± 1.0 32.3 ± 2.3 
24 L 100 69.5 ± 0.5 52.0 ± 5.0 52.0 ± 6.1 57.8 ± 4.3 
24 L 150 62.0 ±0.0 61.0 ± 2.0 50.0 ± 3.0 57.6 ± 2.6 
16 L 100 54.5 ± 0.5 54.5 ± 3.5 37.5 ± 1.5 48.8 ± 3.8 
16 L 150 55.0 ± 2.0 55.0 ± 3.0 39.5 ± 0.5 49.8 ± 3.5 
Significance levels 
PFD  ns ns ns ns 
LP  *** *** ** *** 
PFD × LP  * ns ns ns 
DP (with 16 h LP)  ** ** * ** 
PFD × DP  ns ns ns ns 
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miniature roses should be given for 20 h∙day−1 to maximise light use efficiency. The light dose should be given 
daily in order to avoid growth reduction [9]. A combination of 150 µmol∙m−2∙day−1 during a 20 h∙day−1 LP gives 
a PAR of 10.8 mol∙m−2∙day−1. If adding daylight, as in the present experiment, a light sum of about 12 mol∙m−2 
day−1 is recommended for miniature roses at an air temperature of about 20˚C. This is in accordance with pre-
vious results with miniature roses [9]. In order to reduce the time until flowering from 45 - 50 days to 30 days, 
however, the temperature should be increased to about 24˚C and the PAR should be increased to 15 to 20 
mol∙m−2∙day−1 in order to produce plants with many flowers [10]. This is a light integral within the range found 
to be optimal for a range of ornamental species [11]-[13]. If we compare this PAR with the natural PAR inside a 
greenhouse (with 60% transmission) at latitude 59˚ north, it appears that supplementary lighting must be given 
during five months of the year to reach 12 mol∙m−2∙day−1, and it must be given about seven months to achieve 20 
mol∙m−2∙day−1 (Figure 1). In Almeria, South Spain, a region with the highest solar radiation in Europe, 12 
mol∙m−2∙day−1 is reached throughout the whole year without supplementary lighting in a greenhouse with 60% 
transmission (Figure 1). Even in this sunny region of Europe a PAR of 20 m−2∙day−1 is reached only in eight 
months of the year. Although if a sufficient high PAR is obtained, this light is probably much less efficient than 
expected due to short photoperiods at 37˚ north (9 to 14 h∙day−1) and due to PFD levels that considerably exceed 
the light saturation point of 400 - 500 µmol∙m−2∙s−1 in miniature roses, as well as in other pot plants [10].  
A positive effect of increasing the LP to 24 h∙day−1 was the relative decrease in powdery mildew, as has been 
previously shown with some cut rose cultivars [7]. To some extent this could also be obtained with a shorter LP 
if it was combined with daylight to give continuous light. The reason for the development of powdery mildew 
when plants are exposed to a dark period is probably a temperature drop that makes a diurnal temperature varia-
tion that stimulates the germination and proliferation of the spores [14]. However, a negative effect of a 24 
h∙day−1 LP, in addition to decreased light use efficiency, was an increase in water loss from the leaves, indicat- 
 
 
Figure 1. The PAR from January to December at Bioforsk Særheim, Norway (latitude 59˚ north            
(www.bioforsk.no, Agricultural Meteorological service), and in Almeria, Spain (latitude 37˚ north,           
www.pveducation.org, PVCDROM) inside a greenhouse with 60% light transmission. The values are given 
as daily means per month and are recalculated from kWh solar radiation to mol PAR using a conversion fac-
tor of 7.9 mol per 1.0 kWh.                                                                    
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ing reduced stomata closure. This is in accordance with previous results with cut roses, which showed that de-
creased stomata function caused increased transpiration and flower wilting in indoor conditions [6]. In the 
present experiment with plants with intact roots this did not cause any reduction in keeping life since the plants 
were watered frequently. In practice the increased water consumption resulting from reduced stomata closure 
may cause the pots to dry out and the plants to wilt if they are not frequently watered. It was concluded that 20 
h∙day−1 LP including a dark period of 4 h∙day−1 and a PFD of at least 150 µmol∙m−2∙s−1 should be applied to mi-
niature roses during the winter months in order to effectively produce miniature pot roses with a high quality.  
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